short review is intended to highlight aspects of equine obesity and to draw contrasts between the medical risks associated with obesity in horses and humans.
Thriftiness
As a herbivorous species, horses evolved with a reliance on grass forage for their nutritional requirements. Accordingly, during the fall season, horses ingest increasing quantities of available forage and gain adiposity in preparation for the winter season when food tends to be relatively scarce. Stimulated appetite and adipogenesis at this time, along with the acquisition of a thick hair coat, are kindled in herbivores by an increase in the secretion of proopiomelanocortin (POMC) peptides from the hypothalamic-pituitary axis. 5, 6 These changes represent a critical survival mechanism that affords the provision of (stored) energy, in the form of body fat, throughout the winter months.
This seasonal outpouring of POMC peptides represents an important difference between herbivores and humans. In contrast to the human pituitary gland, there is a welldeveloped "intermediate lobe" (pars intermedia, PI) in the pituitary gland of herbivorous species. 7 This PI plays a critical role in the endocrinological management of body condition in concert with seasonally dependent shifts in the availability of forage. 5, 6 In nature, the period of environmental harshness is finite and the acquired fat stores should be depleted prior to the onset of spring and the growth of new grass. In the healthy state, the acquisition of adipose tissue is therefore important for survival, but the acquisition of excessive adiposity and its chronic persistence exert diverse adverse effects on the health of the individual. 8 Both insulin resistance (IR) and the development of a mild-to-moderate proinflammatory state have been regarded as key components of the survival mechanism during this limited period of environmental harshness and both appear to develop and resolve in parallel with the acquisition and depletion of additional adiposity at the onset and conclusion of winter.
Some animals, by virtue of the impositions of natural selection, have inherited genetic traits that have facilitated their survival through periods of environmental harshness. These animals are said to have inherited "thrifty genes." 9 Although it is likely that multiple diverse physiological processes contribute to the concept of thriftiness, IR appears to be an important component. A good example of the effect of natural selection on thriftiness is the Ossabaw Island swine. 10 Following abandonment on a barrier island off the coast of Georgia (Ossabaw Island) by Spanish colonists approximately 500 years ago, isolated swine evolved a thrifty genotype in order to survive seasonal cycles of feasting and famine.
11 When allowed to consume excess food in "modern" captivity, these Ossabaw Island swine quickly develop the highest levels of total body lipid of any mammal, IR and impaired glucose tolerance, hypertriglyceridemia, and hypercholesterolemia when compared to lean Ossabaw and domestic swine. [12] [13] [14] Ossabaw Island swine develop coronary atherosclerotic lesions that are virtually indistinguishable from lesions in humans. 15 To that end, these swine are currently being investigated as "large animal" models of metabolic syndrome and diabetes with relevance to human medicine.
The extent to which different breeds of horses have inherited thrifty genes is unknown, but it is reasonable to consider that some pony breeds, being more insulin resistant than horses, may represent equine-specific examples of this phenomenon. [16] [17] [18] Interestingly, pony breeds are also predisposed to develop laminitis when compared with horses.
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Development and Recognition of Obesity in Horses
The prevalence of obesity in animals is underrecognized by both veterinary clinicians and owners.
1 In fact, many animal owners deem a degree of obesity as normal, acceptable, and even desirable (Figure 1) . In certain categories of the equine industry, horses are judged competitively by their physical characteristics. In these events, a degree of obesity is similarly often judged to be an advantage in the show ring.
Figure 1. (A)
Typical physical appearance of an obese pony. The body condition score for this pony is 9 out of 9 (maximal obesity score = 9). (B) Typical physical appearance of a thin horse. The body condition score for this pony is 2 out of 9 (maximal obesity score = 9).
There clearly exists a need for objective criteria by which horses might be "scored" in terms of whole-body adiposity. Whereas in the human context, the "body mass index" (BMI) has found utility in this respect, it has more recently been suggested that simply measuring the circumference of the (human) individual's waist is an excellent indicator of visceral adiposity. 20 In the equine field, various methods have been recommended for the purpose of assessing the relative adiposity of equine patients, including the body condition score, the equine BMI, and the use of ultrasonography to assess subcutaneous fat thickness near the tail head. [21] [22] [23] Determinations of the thickness of subcutaneous adipose repositories near the base of the tail and over the rump have been shown to be useful predictors of total body fat content when compared to determinations based on dissection of the carcass.
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The equine species evolved as a free-roaming herbivore that walked great distances on a daily basis, paying heed to potential predators, in order to find and ingest a sufficient and suitable quantity of forage. The quantity and type of available grassland species available to evolving horses differed significantly from that generally provided for horses today. The process of natural selection optimized the equine metabolism for feeding on "native" grassland species that were relatively low in sugar and starch content.
Like other mammals, horses lack enzymes that are capable of digesting the cell walls of plant species. The horse is a hindgut fermenting, herbivorous species; healthy horses exist in a symbiotic relationship with a substantial bacterial population (microbiota/flora) contained and maintained in their large intestine. The anatomy of the large intestine of horses is remarkably complex and differs considerably from that of humans (Figure 2) . The equine large intestine may be divided into three parts likened to a series of fermentation chambers that provide for compartmentalized fermentation of forage. Upon entering the large intestine, digesta are first processed in the cecum, a very large chamber that is an anatomical cul-de-sac. Digesta are subsequently moved from the cecum into the chambers of the ascending colon (right ventral colon followed sequentially by the left ventral colon, the left dorsal colon, and the right dorsal colon). Digesta then move through the short transverse colon into the descending colon and are eventually passed as feces.
Using the process of fermentation, symbiotic bacteria degrade the structural carbohydrates of plant cell walls (cellulose, hemicellulose, and pectins) to short-chain (or volatile) fatty acids that are absorbed across the colonic epithelial lining and used for energy. In many respects, equine digestive processes evolved with emphasis on the efficient utilization of these "structural" carbohydrates (dietary fiber). Accordingly, plant species to which horses adapted through natural selection tend to be characterized by a relatively low nonstructural carbohydrate (NSC) content (sugars and starch). There is good evidence that provision of relatively high NSC-content rations to horses leads to significant diminishment in insulin sensitivity. The constraints imposed by the needs of modern society on the methods by which horses are accommodated and fed are such that a majority of domesticated horses are physically inactive and provided rations that are grossly excessive with regards to their nutritional energy requirements. Horse owners purchase energy-dense rations at the behest of attractive advertising and free advice afforded by the powerful and influential equine food manufacturing industry. Furthermore, forage sources (pastures, paddocks, and hay) used for feeding horses are commonly based on nutritionally improved grassland species that have been genetically enhanced for purposes of feeding food animal species (especially cattle) (http://www.safergrass.org). These forages are especially rich sources of sugars and starch (high NSC content) that have been optimized for rapid weight gain in food-bearing farm animal species.
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Evolution provided the horse with a metabolism that was best suited to its natural lifestyle before the influence of manmade domestication. It is therefore not surprising that domesticated horses develop obesity in light of the fact that they tend to be physically inactive and are provided with rations that are excessive in terms of energy (from the perspectives of both forage and grain).
Although there have been few published studies that report on the incidence of obesity, it is commonly believed, albeit anecdotally, that obesity is an underrecognized and common problem in the equine species. In one study, 45% of 319 randomly selected horses were scored subjectively as either "fat" or "very fat."
1 Interestingly, in that study, the owners of the same horses generally underestimated the significance of obesity and failed to recognize its development in their animals. Based on the results of that study, the prevalence of obesity in horses exceeds that reported by others for pet cats (25.8%) and pet dogs (25.2%). 27, 28 Widespread recognition of the important relevance of obesity to health within the veterinary profession clearly lags that of its human medical counterpart. That said, many of the health risks associated with human obesity pertain to chronic diseases in a long-lived species. Domesticated animals rarely attain ages beyond 30 years.
Throughout the antecedent decade, there has been broad interest in the fact that IR represents a risk factor for laminitis, a common and debilitating cause for lameness in horses. [29] [30] [31] [32] However, the extent to which obesity contributes to worsening IR in horses, as it does in humans, has not yet been investigated as thoroughly.
Equine Health Consequences of Obesity
Some equine health consequences of obesity have been ascribed to the simple acquisition of excessive adipose tissue within the individual. Examples of adverse effects of obesity include exercise intolerance (reduced athleticism), [33] [34] [35] thermoregulatory inefficiency, 36 abnormal reproductive performance, [37] [38] [39] and the development of benign lipomas in mesenteric adipose within the abdomen. 40 Mesenteric lipomas are more likely to develop in obese horses and cause painful intestinal tract obstructions (known as "colic"). In some cases, mesenteric lipomas develop a long pedicle of attachment and are said to become "pedunculated." Pedunculated lipomas tend to move within the abdomen in such a manner as to cause both obstruction and strangulation of obstructed intestine. Affected horses develop acute-onset severe pain, shock, and, without emergency surgical intervention, die.
New information points to the fact that, as clearly recognized in other species, obesity contributes to worsening IR in horses. 41, 42 Specific equine conditions that have been associated with IR may therefore be more likely in obese horses. Specifically, IR (and, by extension, obesity) has been implicated in the pathogenesis of laminitis, [29] [30] [31] [32] pituitary pars intermedia dysfunction (PPID), [42] [43] [44] [45] osteochondrosis, 46 hyperlipemia, 47 diabetes mellitus, 48 and endotoxemia (systemic inflammation).
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The term "equine metabolic syndrome" (EMS) has been used to describe horses at risk for laminitis resulting from IR and (perhaps) obesity. 32 In this regard, it is argued that laminitis represents a chronic equine medical condition analogous to human chronic conditions associated with IR and obesity (such as diabetes mellitus and cardiovascular diseases). Whereas the human metabolic syndrome definition 51 includes the presence of IR, obesity, hypertension, a proinflammatory state, a prothrombotic state, and atherogenic dyslipidemia, application of the term EMS is generally applied to horses in which the following abnormalities are identified: IR, obesity, and signs of abnormality in the hoof (implicative for laminitis).
32 A prominent and characteristic physical attribute of horses affected with EMS is the acquisition of adipose tissue within the crest of the neck (Figure 3) . Interestingly, changes in the "thickness" of the affected neck have been linked to changes in the signs of clinical severity: as the neck thickens, signs of IR (such as laminitis) tend to increase (these signs decrease when treatments are associated with improvement in insulin sensitivity and a loss of neck crest thickness). It has been suggested that the circumference of the neck (compared with the horse's height or girth) might be a practical index for suspicion of IR (similar to the use of waist circumference as an indicator of high BMI and IR in obese human patients). to as chronic laminitis.
63 Whether severe and extensive or mild, structural weakening of the HLI is a hallmark of the laminitic condition (Figure 4) .
Laminitis is a potentially devastating complication of many disparate primary conditions. Acute laminitis commonly occurs during the treatment of severe gastrointestinal diseases such as obstructive intestinal strangulation and enterocolitis. Dietary indiscretions associated with the intake of large quantities of grain (starch) also commonly lead to colitis and acute laminitis ("grain overload"). Laminitis often arises in horses that are grazing forage pastures at times of the year when the NSC content of the grass is high. 29 There is a welldocumented risk for the development of laminitis during conditions in which the permeability of the intestinal lining is increased as a result of either disease or dietary indiscretion. Several plausible explanations for the risk of laminitis associated with disease of the alimentary tract have been proposed and include the absorption Although evidence shows that EMS-affected horses develop hypertension, routine measurement of blood pressure is not generally undertaken in equine practice.
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Elevated circulating levels of some proinflammatory mediators have been identified in obese horses.
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As with the case for the human metabolic syndrome, substantial controversy has followed introduction of the EMS term into the equine medical field. There is yet still a lack of agreement regarding the criteria by which EMS should be defined. Clearly, substantial differences exist between EMS and its human counterpart. Use of the term EMS, implying that the principle and sole underlying endocrinopathic state is IR, helps differentiate affected horses from those affected with either hypothyroidism (extremely rare in adult horses) or PPID.
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Insulin Resistance in Horses
As with humans, medical problems in obese horses are often attributed to the consequences of IR. A complete discussion of the pathophysiology of IR is beyond the scope of this article. That IR likely plays a role in equine diseases has been recognized for many years.
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Substantial recent interest in the medical importance of IR has been significantly fueled by the recognition that it plays a role in the pathophysiology of laminitis. 29, 30 There is good evidence that genetic factors are important determinants as to whether specific breeds of horses are likely to develop greater or lesser degrees of IR. 29 Other factors that contribute to worsening insulin sensitivity in other species, such as inflammation, 56,57 obesity, 41, 58 dietary energy excess, 3 age, 43 physical inactivity, 3, 59 corticosteroids, 60 and pregnancy, 61 have been reported to some extent for horses.
Laminitis
Laminitis is an affliction of the hoof lamellar interface (HLI), the specialized dermoepidermal junction that serves to attach the hoof capsule to its underlying connective tissue and the distal phalanx. The importance of the structural integrity of the HLI is appreciated when one considers that it effectively bears the weight of the horse. Some conditions lead to rapid degradation of the HLI and cause physical separation of its dermoepidermal junction (by virtue of the weightbearing function), a painful inflammatory state that often necessitates euthanasia and is referred to as acute laminitis ("founder"). 62 Alternatively, chronic metabolic and endocrinological perturbations may cause subtle and progressive remodeling within the HLI that is referred of bacterial toxins, 64-66 cardiovascular derangements associated with systemic inflammation (ischemia of the HLI as a result of digital venoconstriction), 67 that the HLI represents an equine-specific shock organ following translocation of colonic bacterial products into the blood (neutrophil granulocyte migration into the HLI appears to play a critical role in the pathogenesis of acute laminitis), 68, 69 and that IR develops as a component of a systemic inflammatory response to bacterial products (endotoxemia). 70, 71 Laminitis is also highly likely as a complication of other diseases associated with a systemic inflammatory response such as pleuropneumonia and endometritis.
However, a milder form of chronic laminitis is commonly identified in horses and ponies that may be attributed to underlying endocrinopathic influence. In this endocrinopathic manifestation of chronic laminitis, extensive, severe, and painful physical separation of the HLI is much less likely. 63 Milder signs of subtle pain and remodeling of the HLI characterize endocrinopathic laminitis. Signs of abnormal hoof growth, including prominent growth lines and broadening of the white line zone, are typically evident in the affected hoof (Figure 5 ).
The two most common endocrinopathic abnormalities associated with chronic laminitis are IR and the influence of excessive levels of corticosteroids.
63 Injection of horses with synthetic glucocorticoids sometimes causes laminitis. Conditions associated with excessive circulating plasma cortisol concentrations (Cushing's syndrome), such as PPID, are commonly associated with laminitis.
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Despite substantial speculation, a satisfactory explanation for how and why laminitis develops as a result of either IR or glucocorticoids is presently lacking. The picture is made more complicated when one considers that glucocorticoids represent a potent cause of IR. 72 Moreover, expression of the steroid converting enzyme 11β-hydroxysteroid dehydrogenase-1 (11β-HSD1) in abdominal adipose tissues is an important component of the human metabolic syndrome. 73, 74 This enzyme increases the localized tissue activity of cortisol, the active glucocorticoid, by ketoreduction of the inactive, but plentiful, circulating cortisone. As reported previously, the activity of 11β-HSD1 in the equine HLI is increased in the presence of laminitis. 75 Furthermore, it has also been reported that 11β-HSD1 activity appears to be increased in subcutaneous adipose tissues obtained from the thickened neck of horses affected with EMS.
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The gene for the enzyme 11β-HSD1 is likely one of many "thrifty" genes.
Aside from the possibility that endocrinopathic laminitis could be a result of the action of cortisol (increased by 11β-HSD1), evidence also shows that insulin itself is directly toxic to the HLI. In a series of elegant experiments, administration of insulin to horses [chronic intravenous (IV) infusion working to maintain hyperinsulinemia over the course of several days] was shown to cause laminitis. Chronic hyperinsulinemia is a common finding in IR-affected horses at risk for laminitis. However, laminitis does not appear to be a complication of overt diabetes mellitus in the equine species.
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Pituitary Pars Intermedia Dysfunction
As noted earlier, the equine pituitary gland differs from that of humans in that there exists a comparatively welldeveloped intermediate lobe, the PI. 7 The PI is important in herbivores because its secretory output contributes to readying the individual for winter. 5 Melanotropes, the only secretory cell population in the PI, secrete POMC-derived peptide hormones (a different repertoire to the POMC peptides secreted by corticotropes in the pars distalis). Specifically, the POMC-derived secretory products of melanotropes include adrenocorticotrophic hormone (corticotropin), β-endorphin, α-melanocytestimulating hormone, and corticotropin-like intermediary peptide. In health, melanotrope secretory output is strictly inhibited by dopaminergic neurons in the periventricular aspects of the hypothalamus, and the dayto-day physiological contribution of PI-derived POMC peptides is regarded as minor. 78, 79 With age, these dopaminergic neurons tend to deteriorate as a result of oxidative stress damage. 80 Loss of normal inhibitory dopaminergic influence on melanotropes leads to both POMC peptide hypersecretion and clonal expansion of melanotropes. The resulting clinical expression of persistent PI hyperfunction is referred to as PPID. Oxidative destruction of dopaminergic nerves in aged horses is somewhat similar to the oxidative loss of dopaminergic nerves in human patients affected by Parkinson's disease.
81
A discussion of the clinical expression of PPID is beyond the scope of this article and the interested reader is directed to other sources of information.
7 It has been suggested that PPID may arise as a result of chronic IR in obese horses and ponies that have been fed energydense rations over the course of many years. 45 However, a satisfactory explanation for the development of oxidative damage to these critical dopaminergic nerves in the equine species has not yet been presented. Laminitis is a component of the clinical expression of both IR and PPID (Figure 6 ). It is also common that IR can be demonstrated readily in PPID-affected individuals.
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Hyperlipemia Syndrome
Hyperlipemia syndrome results from excessive and pathological mobilization of lipid from excessive adipose tissue repositories in obese individuals. As befits their genetic tendency to IR, pony breeds, donkeys, and miniature horses are especially at risk for hyperlipemia.
47 By definition, hyperlipemia implies that the plasma triglyceride concentration exceeds 500 mg/dl. Consequences of hyperlipemia include circulatory disturbances and organ failure (especially the liver and kidneys) as a result of fatty infiltration. The mortality associated with severe hyperlipemia is very high; mortality may be attributable to either hyperlipemia per se or various underlying causative disease processes. That liver disease results from the acquisition of lipid by hepatocytes as a result of an IR-associated triglyceride mobilization in obese horses is similar to nonalcoholic fatty liver disease in human patients, a common finding in metabolic syndrome.
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Diabetes Mellitus in Horses
Although horses and ponies commonly develop IR, it is rare that overt diabetes mellitus develops in this species.
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It appears that, in the face of significant IR, pancreatic secretion of insulin rarely fails during the lifetime of the horse. It has been suggested that, compared with their human counterpart, the life span of horses (<30 years) is less. Moreover, the ration of horses normally contains comparatively little fat (<4%). In contrast, IR is a common finding in obese cats and compared with horses it is associated more often with overt diabetes. 83, 84 It has also been suggested that comparatively low insulin sensitivity in carnivorous species may provide a survival advantage during periods of restricted food availability.
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Clinical Diagnosis of Insulin Resistance in Horses
Clinical suspicion of IR/EMS is based on results of the physical examination of the patient. Physical abnormalities commonly identified in EMS-affected patients include generalized or "regional" obesity, a thickened neck, and the presence of laminitis (based on either physical or radiographic abnormalities). It is important to eliminate PPID as the underlying cause of "regional" obesity and laminitis because the clinical appearance of PPID in teenage horses is similar to that of EMS. The extent to which EMS and PPID may be related is the subject of some controversy. It has been suggested that PPID may be an equine-specific complication of chronic IR.
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The best tests for IR include the frequently sampled IV glucose tolerance test and the euglycemic hyperinsulinemic clamp technique. Unfortunately, these tests are impractical for practicing veterinarians and less specific, alternative diagnostic approaches are generally recommended.
The easiest diagnostic test for IR is to simply determine the plasma insulin concentration. Compensatory hyperinsulinemia is a common finding in IR-affected equids (caution is needed when interpreting the results of single sample insulin determinations without due consideration of possible confounding factors). Serum insulin concentration can be influenced by many factors (in addition to the insulin sensitivity of the individual), including time since the animal was last fed, circulating cortisol concentration (diurnal variance, excitement, pain and stress, PPID), type of food on which the ration is based, reproductive status, and physiological status (fitness/illness). However, fasting concentrations of both insulin and glucose tend to be relatively constant and may be used to provide insight into the patient's insulin sensitivity. Horses and ponies affected with IR tend to be characterized by a high normal or slightly elevated plasma glucose concentration (reference range, 80-115 mg/dl) and hyperinsulinemia [reference range, <30 mU/ml (<220 pmol/liter)]. Insulin sensitivity is generally assessed as satisfactory for those individuals in which the plasma glucose concentration returns to its baseline value within 45 minutes of the outset of the protocol. In this case, horse A had poor insulin sensitivity and horse B had normal insulin sensitivity.
Practical clinical demonstration of IR may be achieved using either a simple (glucose:insulin) ratio or by calculating the reciprocal of the square root of insulin proxy. Both of these indices of patient insulin sensitivity yield similar correlations to measurements made using more complicated techniques. 85 An alternative diagnostic test for IR in clinical patients is the combined intravenous glucose-insulin test (CGIT). Horses are tested by administering glucose and insulin (glucose, 150 mg/kg; insulin, 0.1 U/kg) and measuring the blood glucose concentration for 2 hours.
86 Normal insulin sensitivity in horses is associated with a return of the plasma glucose concentration to baseline within 45 minutes. The CGIT represents a potentially practical clinical measurement of insulin sensitivity because it provides integrated information and more information than either the singular glucose tolerance test or an insulin sensitivity test (Figure 7) .
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More recently we have adopted the use of interstitial tissue glucose monitoring to assess temporal changes in glucose concentration during the CGIT. 87, 88 The use of a small interstitial tissue probe eliminates the need for repetitive blood samples and patient handling stress (both of which might lead to iatrogenic elevations in the glucose concentration) (Figure 8) .
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Parallels between Obesity in Human and Equine Populations
Although dairy products, refined sugars, cereals, refined vegetable oils, and alcohol contribute 72% of the modern human diet, these nutritional components were not available to evolving humans and did not contribute to the natural selection pressures under which the human genome developed.
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Various "diseases of modern civilization" (such as those associated with obesity) have been attributed to discordance between our ancient, genetically determined biology and the nutritional, cultural, and activity patterns of contemporary Western populations. 90, 91 Specifically, consumption of recently introduced (refined) foods, coupled with a relatively low activity lifestyle, is at odds with our inherited genetic programming.
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Although the human genome is essentially unchanged since the emergence of modern human beings in East Africa thousands of years ago, humans remain genetically adapted for the foods consumed then.
92 Modern humans have also inherited genes that evolved to support a physically active lifestyle, and physical inactivity in sedentary societies contributes directly to a risk of multiple chronic health disorders.
91
Aspects of obesity in animals may afford some insight into human obesity. It could be argued that modern horses have also inherited genes that were evolved to support a physically active lifestyle and that physical inactivity (imposed by the needs of domestication and human convenience) also contributes to a risk of chronic disease, but the scientific evidence for the argument is yet still insubstantial. Similarly, modern horses are fed rations that are broadly different to that nutritional repertoire for which they are genetically adapted.
In this respect, significant parallels exist between the provision of refined, nutritionally dense rations to horses and the consumption of energy-dense refined foods by people in modern society. Beyond the provision of an excessive grain and pellet component in horse rations (with respect to nutritional requirements), modern horses are also fed forage items (pastures and hay) that have been enhanced genetically to suit the needs of the food animal industry. These forage sources are characterized by a relatively high nonstructural carbohydrate content (high starch and sugar content) and have been designed to promote weight gain, growth, and lactation in cattle (http://www.safergrass.org). Not surprisingly, when fed to inactive horses, these forage sources promote the development of obesity and their sugar content aggravates IR in affected individuals.
Conclusion
There is increasing awareness that obesity develops commonly in domesticated companion animals. Although there is substantial evidence regarding the fact that obesity represents a risk factor for complications and increased mortality for many human medical conditions, the effect of obesity on medical conditions in veterinary species has not been studied extensively. There is increasing interest in the role that IR plays in animal diseases. As is commonly reported in the human medical literature, the increasing incidence of obesity in horses might be linked to contemporary management practices that include prolonged periods of imposed physical inactivity and the provision of rations that are nutritionally excessive with regard to the animal's energy requirements. Moreover, further similarities to the human obesity situation might be drawn regarding the provision of diets for horses that contain substantial "refined" carbohydrates (nonstructural carbohydrates including sugars and starch), which are at odds with the nature of the food for which these species are genetically adapted.
For veterinarians, it is easy to engage in conversation with animal owners regarding the importance of obesity and its impact on health because there has been so much publicity and media interest. Talking to animal owners about the impositions of human-oriented animal confinement and exercise restrictions can readily be presented in the context of insufficient physical activity as a risk factor for human disease. Similarly, the increasing recognition that many common animal feeding practices are broadly inappropriate for nutritional requirements can be very effectively likened to aspects of unhealthy human nutritional practices in contemporary society.
To a greater and greater extent, veterinarians are discussing animal obesity in the broader context of what is presented to animal owners in the media regarding human obesity, physical inactivity, and unhealthy nutritional choices. Whereas humans make their own nutritional choices, obesity in animals is always a direct consequence of management decisions made on their behalf by animal owners. Curiously, in many cases, provision of a healthier ration for horses would represent a considerable cost saving for owners who often expend considerable financial resources on rations that, in terms of protein and energy, far exceed the animal's nutritional requirements. The extent to which obesity affects the general health of animals has been studied to a much lesser extent than it has for humans. Therefore, it is a very exciting time for veterinary scientists with interest in adipobiology, obesity, endocrinology, metabolism, and nutrition. It is important to emphasize that substantial differences exist among the pathophysiological consequences of obesity among different species. Facts that hold true for one species (such as humans) may not hold the same truth for animals. 
